A B S T R A C T We used the technique of lineal analysis to study the influence of 48 h of hyperoxia on cytoplasmic organelles of pulmonary granular pneumocytes with particular reference to their lamellar bodies. We undertook this study because lamellar bodies are considered to be storage granules for pulmonary surfactant and because we had found that hyperoxia decreased [14C]leucine incorporation into protein of a surface-active lung fraction.
INTRODUCTION
It is currently thought that pulmonary surfactant lipoprotein is synthesized by granular pneumocytes and stored in their lamellar inclusion bodies before being secreted onto the alveolar surface (1) (2) (3) (4) (5) (6) . We have shown that incorporation of [14C] leucine into protein of a surface active lung fraction, is decreased after in vivo exposure of rats to hyperoxia (7) . These considerations make it reasonable to suspect that the decreased incorporation of [14C] leucine into protein of the surfaceactive lung fraction in rats exposed to hyperoxia might be reflected in alterations in the size, number, or both of these storage sites. We, therefore, undertook the present study which is a stereological examination of the influence of hyperoxia on the lamellar bodies of granular pneumocytes. We also examined the mitochondria and rough endoplasmic reticulum (RER)1 of these cells because of the possibility that hyperoxia might cause a general alteration in the size of cells or cytoplasmic organelles. METHODS Animals. We used Dublin Sprague-Dawley derived male rats (Flow Research Animals, Inc., Dublin, Va.). They were exposed to greater than 98% 02 or air for 48 h as previously described (7) .
Preparation of tissue. Rats were anesthetized by the intraperitoneal administration of sodium pentobarbital (30 mg/kg) and sacrificed by cutting the abdominal aorta. The right lung was excised and thin slices cut from the lower lobe. These were diced into tissue cubes of about 1 mm diameter and fixed for 1 h in cold cacodylate-buffered 1% osmium tetroxide. The tissue was dehydrated and embedded as previously described (4 1. random to represent the secondary sample. Each of these blocks was sectioned at 1 pum for light microscopy and at 600-900 A for electron microscope examination. Two electron micrographs of granular pneumocytes were taken from each of these five blocks. Thus, from each rat we used five blocks and made 10 micrographs. The micrographs of granular pneumocytes were taken randomly. Granular pneumocytes were identified as alveolar wall cells having lamellar inclusion bodies and microvilli (Fig. 1) .
Stereologic procedures. Lineal analysis (9-11) of granular pneumocytes was made at a magnification of X 25,000. Measurements were made on 8-X-10-inch enlarged prints of the micrographs. A square grid of white lines was superimposed on each print by lengths of 7 mil wire placed on a frame at 1 inch intervals. Calibration checks were made on the electron microscope weekly and on the enlarging equipment before each use.
The micrographs from all rats (five exposed to oxygen and four air controls) were coded and were placed in random order by blindly drawing the coded number from a container and measurements were made in that order without knowledge of which group or animal the photographs represented. Lineal analysis and calculations of various parameters were performed as described in detail by others (9) (10) (11) .
Statistical analysis. For each of the parameters measured or calculated from these measurements the values for individual animals were averaged per experimental group and the standard error of the group mean (SEM) calculated. The significance of differences between the oxygen-exposed and control rats were calculated by an unpaired t test for groups of unequal size (12). Table I shows that hyperoxia did not alter the cytoplasmic area of granular pneumocytes. The percent of the cytoplasmic volume occupied by mitochondria is greater in the oxygen-exposed rats but the difference is not statistically significant. The number of mitochondria per cytoplasmic area is the same in both groups. The percent cytoplasmic volume occupied by lamellar bodies and the lamellar body area per lamellar body are significantly smaller in granular pneumocytes of oxygenexposed rats. The number of lamellar bodies are the same in both groups. These findings are in agreement with the measurements of the surface density of the lamellar body and mitochondrial envelopes (Table II) . The surface density of the lamellar body envelope from rats exposed to hyperoxia is significantly greater than that of control rats. The surface density of the mitochondrial envelope and the membrane of the RER are the same in both groups. Table III shows the dimensions of the lamellar bodies and mitochondria. The lamellar body volume of granular pneumocytes of oxygen-exposed rats is smaller than those of control rats. The mitochondrial dimensions are not significantly different in the two groups.
RESULTS
As in other studies oxygen exposure decreased the growth of the rats (Table IV) .
DISCUSSION
A substantial amount of work in a variety of tissues has clearly established the morphological characteristics of cells which synthesize macromolecules for export (13) . Ultrastructural studies of alveolar lining cells have shown that granular pneumocytes possess the morphological features characteristic of secretory cells; an abundant RER, a well-developed Golgi system and inclusion bodies (lamellar bodies) (14) . These structural indications of secretory activity are supported by biochemical evidence of intracellular protein transport and active secretion by lung tissue (15) . Electron microscope autoradiography has localized at least some of this intracellular protein transport to be occurring from the RER to the lamellar bodies of the granular pneumocytes (4) . This supports the concept that lamellar bodies are storage granules (1, 2). Askin and Kuhn (3), using radioactive palmitate, have shown that the grains become concentrated over the lamellar bodies as one would expect if these were storage granules.
More specifically, the lamellar bodies are thought to be storage sites for pulmonary surfactant. The evidence for this comes from two different approaches. First, the demonstration that a surface-active lung fraction is rich in these organelles (16) . Secondly, and less direct, the large body of data showing a temporal relation in fetal life between the appearance of lamellar bodies, the rise in the lungs' content of dipalmitoyl lecithin, and the lungs' attainment of adult mechanical properties (17) (18) (19) (20) (21) .
The present work has shown that the size of lamellar bodies of rats exposed to hyperoxia for 48 h are smaller Hyperoxia decreased the incorporation of ["4C]leucine into protein in a surface-active lung fraction (7) , to about the same extent as the decrease in lamellar body size. Thus, it would appear that in the face of a hyperoxia-induced decrease in synthesis of secretory protein the "packages" for export are smaller.
